www.fob.usp.br/revista or www.scielo.br/jaos he problem of finding an ideal material for filling root canals of deciduous teeth has not been solved yet. This fact led to the development of an experiment to histologically analyze the periapical tissue reaction to 3 root canal filling materials. Eighty root canals of dog deciduous anterior teeth from 6 animals, 60 days old, were used in this study. After biomechanical preparation, the root canals were filled with the following materials: slowly resorbable Maisto paste, Sealer 26 with iodoform, L&C paste (calcium hydroxide with olive oil) and as a control group, canals that were prepared but not filled. At thirty days after the treatment the animals were killed and the teeth prepared for histological analysis. The materials were ranked statistically from the best to the worst as follows: a -Maisto paste, b -Sealer 26 with iodoform, c -control group, d -L&C paste. There was significant difference (p = 0.01) only when the results of the other groups were compared with the L&C paste group. It was also observed that L&C paste was not biologically compatible and that the other materials were biocompatible but their resorption was not at the same rate as that of the deciduous teeth roots. Uniterms: Dog's deciduous tooth; Root canal filling materials; Root canal therapy. objetivo de encontrar um material ideal para obturar canais radiculares de dentes decíduos ainda não foi alcançado. Esse fato estimulou a realização de uma experimentação para analisar histologicamente a reação dos tecidos periapicais a 3 materiais obturadores de canal. Assim, oitenta canais radiculares de dentes decíduos anteriores de 6 cães, com 60 dias de idade, fora empregados neste estudo. Após o preparo biomecânico, os canais radiculares foram obturados com os seguintes materiais: pasta lentamente reabsorvível de Maisto, Sealer 26 com iodofórmio, pasta L&C (hidróxido de cálcio com óleo de oliva) e, como grupo controle, dentes cujos canais foram preparados biomecanicamente mas não obturados. Trinta dias após o tratamento os animais foram mortos e as peças processados para análise histológica. Os resultados permitiram ordenar estatisticamente os materiais do melhor para o pior da seguinte maneira: a-Pasta de Maisto, b-Sealer 26 com iodofórmio, c-grupo controle, d-Pasta L&C. Foi observado diferença significante (p=0,01) somente quando os resultados dos diferentes grupos foram comparados com o grupo da pasta L&C. Foi também observado que a pasta L&C não foi biologicamente compatível enquanto os outros materiais foram biocompatíveis, porém suas velocidades de reabsorção não foram a mesma observada com as raízes dos dentes decíduos. Unitermos: Dentes decíduos de cães; Materiais obturadores do canal radicular; Tratamento de canal. 2005; 13(3): 318-24 
INTRODUCTION
According to Castagnola and Orlay 2 (1956 ) the material for filling root canals of deciduous teeth must be resorbed simultaneously with the roots and not be harmful to the permanent tooth bud. It must also be radiopaque, antiseptic, easily removed if necessary, not alter the tooth color, as well as have other properties. Numerous experiments have studied various root canal filling materials 1, 4, 5, 12, 17, 21 , but the ideal filling material has still not been found.
The filling materials available may be slowly resorbed, quickly resorbed, and some that are almost not resorbed at all 9, 10, 17, 19 . It is possible that the ideal material for deciduous teeth is among the slowly resorbed filling materials. Examples of slowly resorbed filling materials are calcium hydroxide pastes with oil vehicles and Maisto paste 15 . Maisto and Erausquin 16 (1965) observed biological closure and resorption of Maisto paste after root canal filling of rat teeth. The same was observed in dog teeth 7 . Lopes and Costa Filho 14 (1988) employed a calcium hydroxide paste with olive oil as the vehicle (L&C paste) in root canal filling of human permanent teeth with periapical lesions. They observed healing with little resorption of the paste in the canal. Alves, et al. 1 (1994) and Péret 18 (1999) filled root canals of human deciduous teeth with L&C paste. They reported clinical and radiographic healing processes in almost all cases.
Biological closure by newly formed cementum was observed after root canal filling of dog teeth with Sealer 26, a calcium hydroxide root canal filling material 19 . When implanted in subcutaneous connective tissue of rats there was deposition of calcite crystals and a bridge of Von Kossa positive material 11 . Nevertheless, this material must be better analyzed because of contradictory results observed in the literature 13 . Kubota, et al. 12 (1992) and Holan and Fuks 5 (1993) reported that despite the great number of papers that studied root canal filling materials for deciduous teeth, the ideal filling material is not known. Sealer 26, L&C paste and Maisto paste have not been studied histologically in deciduous teeth. Thus, the object of this paper is to histologically analyze the results after root canal filling of deciduous dog teeth with Sealer 26, L&C paste or Maisto paste.
MATERIALS AND METHODS
This study was approved by the Bioethics Committee of UNESP-São Paulo State University.
Eighty root canals of deciduous anterior teeth of 6 mongrel dogs of the same litter and 60 days old were used in this study. Intravenous sodium pentobarbital was used for general anesthesia. The pulp chamber of each tooth was opened after rubber dam placement. The pulp was removed with barbed broaches and Hedstrom files. Radiographs were taken to control the level of instrumentation at 1.0mm short of the apex. All incisors were instrumented with Kerr files from # 10 up to 30 and the canines from # 30 up to 45. The canals were thoroughly irrigated with saline during and after biomechanical preparation.
After final irrigation, the canals were carefully dried with paper points and filled with the studied materials. The pastes and the sealer were delivered to the canal with a lentulo spiral drill. The filling level was corrected with Kerr files after a radiographic control. The coronal access of all teeth was filled with IRM and amalgam. This resulted in 4 groups of 20 root canals each treated as follows:
Group I -root canals filled with Maisto paste (InodonPorto Alegre -Brazil). This paste has the following composition: zinc oxide (14g), iodoform (42g), thymol (2g), camphorated chlorophenol (3mL) and anhydrous lanoline (0.5g).
Group II -root canals filled with L&C paste (HerpoPetrópolis -Brazil). This paste has the following composition: liquid -olive oil; powder -calcium hydroxide (2g), bismuth carbonate (1g), rosin (0.05g).
Group III -root canals filled with Sealer 26 (DentsplyPetrópolis -Brazil). This sealer has the following composition: powder -calcium hydroxide (37%), urotropine (15%), bismuth trioxide (43%), titanium dioxide (5%); liquid -epoxy bisphenol resin (100%). The paste was prepared mixing the powder with iodoform (Probem -CatanduvaBrazil) in equal parts, in order to render the sealer resorbable 18 . Group IV -Control. The canals were prepared in the same way as the other groups, then left empty. The coronal access was filled with IRM and amalgam.
Thirty days after the treatment, the animals were killed by administration of an overdose of general anesthetic. The specimens were fixed in 10% neutral-buffered formalin solution and decalcified in formic acid-sodium citrate. Segments of the jaws, each containing one tooth, were prepared for histological examination. The specimens were embedded in paraffin, serially sectioned to an average thickness of 6 µm, and stained with hematoxylin and eosin (H&E) and the Brown and Brenn technique.
The histological specimens were evaluated by one of the authors, according to the following criteria: newly formed cementum, lateral and apical root resorption, bone tissue resorption, inflammatory reaction (chronic or acute, number of cells and extension of the reaction), periodontal ligament (thickness and organization), root canal filling limit, presence of debris, presence of microorganisms, filling material resorption (Table 1) . These histological parameters were scored for each specimen on a scale of 1 to 4, 1 being the best result and 4 the worst. The scores of the 20 specimens of each group were analyzed using the KruskalWallis statistical test.
RESULTS

Maisto paste
The filling material was 1.0mm short of the apex in 11 cases. In 9 cases there was overfilling. Variable amounts of debris were observed in 18 cases. Resorption of the apical portion of the roots was observed in all cases (Figure1). The dimensions of the resorbed areas were variable, sometimes exposing the filling material. In some cases there was ingrowth of periodontal connective tissue suggesting resorption of the filling material. In these cases there was also dentin resorption and deposition of newly formed cementum in the root canal walls.
The apical resorptions put the filling material in contact with periapical tissues that exhibited chronic inflammatory reactions of varying intensity and extension, with giant cells and macrophages ( Figure 2) . A mild neutrophilic infiltrate was also observed in 6 cases. The periodontal ligament exhibited a mean thickness of 342µm and was well organized in one case, while in the other specimens it was disorganized or partially organized.
The coronal and middle thirds of the root did not exhibit resorption areas in 9 cases. There were areas of resorption in the remaining cases, generally more pronounced on the lingual surfaces. In 17 cases there was newly formed cementum partially repairing some resorption areas.
The Brown and Brenn technique showed Gram-positive microorganisms in only 1 case, in the central part of debris located in the more apical part of the root.
L&C paste
In 3 cases the filling material was confined to the canal. In the remaining cases there was overfilling. Debris was observed in 17 cases, generally in a small amount. All specimens exhibited apical resorption areas, generally active and exposing the filling material ( Figure 3) .
The filling material in contact with the apical connective tissue elicited a severe inflammatory reaction with lymphocytes, macrophages and plasma cells in all cases, as well as neutrophils in 13 specimens (Figure 4 ). In few cases there was ingrowth of periodontal connective tissue suggesting resorption of the filling material. This connective tissue exhibited a chronic inflammatory reaction and also neutrophilic infiltrate. Next to the filling material there were macrophages and giant cells with particles of the filling material in their cytoplasm.
Apical deposition of newly formed cementum was observed in 5 cases. There was complete apical closure in 2 specimens, partial closure in 2 other cases and only deposition of cementum in the apical walls in 1 specimen. The periodontal ligament exhibited an average thickness of 522µm. It was totally disorganized in 11 cases and partially organized in the remaining specimens.
In 13 cases there were resorption areas in the coronal and middle thirds of the root, more evident on the lingual surfaces.
The Brown and Brenn technique showed Gram-positive microorganisms in 7 specimens. These microorganisms were more frequently observed in the apical third of the roots, in the dentin walls and debris. In 2 cases microorganisms were observed in the dental pulp residue adhering to the dentin wall and in contact with the filling material ( Figure 5 ).
Sealer 26
In this experimental group there were only 3 cases of overfilling. Debris was observed in 15 specimens in variable amounts.
The apical third of the root exhibited resorption areas usually exposing the filling material to the periodontal connective tissue (Figure 6 ). Tissue in contact with the filling material had varying amounts of chronic inflammatory infiltrate. Next to the filling materials there were macrophages and giant cells with filling particles in their cytoplasm ( Figure  7) .
Newly formed cementum produced complete biological closure of the apical foramen in 1 case and partial closure in 5 others. The periodontal ligament exhibited a mean thickness of 298µm and was well organized in 2 cases, partially organized in 13 specimens and disorganized in 5. The periodontal ligament exhibited a chronic inflammatory reaction whose intensity and extension varied from mild to severe.
The middle and coronal thirds of the root exhibited resorption areas of different extension and depth, at times exposing filling material within the canal. Generally these resorption areas were more evident on the lingual surfaces. The exposed filling material elicited a chronic inflammatory reaction. The chronic inflammatory reactions in the apical and lateral portions of the roots exhibited macrophages and giant cells with particles of the filling material in their cytoplasm. The Brown and Brenn technique did not exhibit microorganisms in the twenty cases examined.
Control group
There was apical root resorption in all specimens, exposing the interior of the root canal to the periodontal connective tissue. There was ingrowth of connective tissue that reached the coronal seal of IRM. At this point there was a basophilic layer and a mild chronic inflammatory reaction.
In 9 cases there was invagination of connective tissue and newly formed cementum in the root canal walls ( Figure  8 ). The periodontal ligament exhibited a mean thickness of 307µm and was well organized in 7 cases, partially organized Lateral root resorptions were observed in the middle and coronal thirds. These resorptions were more evident on the lingual surfaces and exhibited different depths and extensions.
The Brown and Brenn technique showed Gram-positive microorganisms in 4 specimens on debris localized next to the canal walls in the apical third of the roots.
The general mean of the scores of the histomorphological data of all the groups is presented in Table 1 .
Statistical analysis
The scores attributed to all specimens were analyzed by the Kruskall-Wallis statistical test. This test ranked treatment from best to worst as follows: Maisto paste, Sealer 26 cement, control group, L&C paste. A significant difference (P = 0.01) was observed only when the results of the other groups were compared with that of the L&C paste. 
DISCUSSION
In our experiment the results obtained with the L&C paste were not good, mainly because of the severity of the chronic and acute inflammatory reactions observed in almost all cases. Our results, as well as that of Silva, et al. 20 (1991), did not support the clinical results reported by Lopes and Costa Filho 14 (1988) in human permanent teeth and by Alves, et al. 1 (1994) and Péret 18 (1999) in human deciduous teeth. It is possible that the observed results have some relation to the carrier vehicle employed (olive oil) because with other non water soluble vehicles the reported results with calcium hydroxide were better. Good histological results were reported in dog permanent teeth with calcium hydroxidecamphorated p-monochlorophenol or silicone oil 8, 10 . The same results were observed in dog deciduous teeth with camphorated p-monochlorophenol 2 as the vehicle. Another interesting fact with the L&C paste was the presence of microorganisms in debris practically in contact with the paste, suggesting absence of bactericidal action. It is possible that olive oil hinders the bactericidal action of calcium hydroxide, which did not occur with other oil based vehicles 3, 6 . With Maisto paste we observed a chronic inflammatory reaction of variable intensity. The presence of inflammatory reaction was also observed 120 or 180 days after the treatment of dog teeth 6 . Nevertheless, 18 months after root canal filling 35% of dog teeth showed total apical closure by newly formed cementum and absence of inflammatory reaction 7 .
Sealer 26 is usually not resorbed. For this reason, we added iodoform to the material as did Tagger and Sarnat 21 (1984) with zinc oxide eugenol cement. Next to Sealer 26 we observed many giant cells and macrophages with particles of the material in their cytoplasm, suggesting resorption. We observed 1 case of complete closure of the apical foramen and 5 cases of partial closure. Some cases of apical closure with this material were also reported after root canal treatment of permanent teeth in dogs 19 . One of the required properties of a sealer for filling root canals of deciduous teeth is that the material must be resorbed simultaneously with the tooth root. In relation to the resorption of the filling material, the statistical analysis ranked the results from best to worst as follows: L&C paste, Maisto paste and Sealer 26. A significant difference (5%) was observed only between Sealer 26 and L&C paste. This last paste was the most resorbed material, but it was also more irritating than the others. Good biological compatibility is an important property for deciduous root canal filling materials, in order to preserve the integrity of the permanent teeth bud. In our study we did not observe any cases of lesions of the permanent tooth bud, even with the L&C paste.
CONCLUSIONS
The Kruskal-Wallis test ranked the groups from the best to the worst in the following way: Maisto paste, Sealer 26, Control group, L&C paste. Significant difference (P = 0.01) was observed only when L&C paste was compared to the other 3 groups. The L&C paste showed biological incompatibility and should not be employed as a root canal filling for deciduous teeth. Sealer 26 and Maisto paste were more biocompatible, but their resorption rates were not the same as that of the roots of deciduous teeth. 13-Leonardo MR, Silva LAB, Utrilla LS, Assed S, Ether SS. Calcium hydroxide root canal sealers -histopathologic evaluation of apical and periapical repair after endodontic treatment. J Endod. 1997;23(7):428-32.
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